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WK,QWHUQDWLRQDO&RQIHUHQFH7KH(FRQRPLHVRI%DONDQDQG(DVWHUQ(XURSH&RXQWULHVLQWKH
FKDQJHGZRUOG(%((&0D\
6RFLRHFRQRPLFIDFWRUVRIVRLOSROOXWLRQ
/iV]Oy9iUDOO\DL6]LOYLD%RWRVÈGiP3pQWHN
8QLYHUVLW\RI'HEUHFHQ)DFXOW\RI(FRQRPLFVDQG%XVLQHVV,QVWLWXWHRI$SSOLHG,QIRUPDWLFVDQG/RJLVWLFV
+'HEUHFHQ%|V]|UPpQ\L~W
$EVWUDFW
$QDO\VLQJWKHUHODWLRQVKLSEHWZHHQDJULFXOWXUDOSURGXFWLRQDQGWKHQDWXUDOHQYLURQPHQWVRLOZDWHUDQGDLUDQGWKHXQIDYRXUDEOH
UHDFWLRQVEHWZHHQWKHPEHFDPHDQLPSRUWDQWTXHVWLRQLQWKHVHFRQGKDOIRIWKHWKFHQWXU\DQGQRZDGD\VERWKLQ+XQJDU\DQG
DFURVV(XURSH ,PSDLUPHQWRI WKHHQYLURQPHQW LVDFRPSOH[SURFHVV LWDIIHFWVDOO WKH WKUHHEDVLFFRPSRQHQWVRI WKHELRVSKHUH
VRLOZDWHUDLUDOZD\VDWWKHVDPHWLPHEXWWKHOHYHORIWKHHIIHFWLVGLIIHUHQWIRUHDFKSDUW
6RLOV DUH WKUHDWHQHG E\ WZR EDVLF GDQJHUV WKH YDULRXV VRLO GHJUDGDWLRQ SURFHVVHV ZDWHU DQG ZLQG HURVLRQ DFLGLILFDWLRQ
VDOLQLVDWLRQ SK\VLFDO DQG ELRORJLFDO GHJUDGDWLRQ XQIDYRXUDEOH FKDQJHV LQ WKH KXPXV FRQWHQW DQG D GHFUHDVH LQ WKH EXIIHU
FDSDFLW\ DV ZHOO DV SROOXWLRQ ,QVSLWH RI DOO WKHVH TXDOLW\ IXQFWLRQDOLW\ DQG SURGXFWLYLW\ RI VRLOV FDQ EH SUHVHUYHG DQG
PDLQWDLQHG
2XUDLPLVGHYHORSLQJDVWDWLVWLFDOEDVHGLQIRUPDWLRQV\VWHPIURPWKHGDWDRIWKH+XQJDULDQ6RLO,QIRUPDWLRQ0RQLWRULQJ6\VWHP
PHDVXUHGSRLQWV:HGHYHORSHGDPHWKRG IRUHVWLPDWLQJHOHPHQWFRQWHQW7RGHWHUPLQH WKHFRQFHQWUDWLRQRI WKHHOHPHQWVZH
QHHGRQO\WKH*36FRRUGLQDWHVRIWKHSODFHEDVHGRQWKHQXPEHURIQHDUHVWQHLJKERXULQJSRLQWV7KLVPHWKRGGRHVQRWFDOFXODWH
ZLWKVSDWLDOFLUFXPVWDQFHV7KHRWKHUSRVVLELOLW\LVXVLQJWKHNULJLQJPHWKRGVSDWLDOLQWHUSRODWLRQIRUHVWLPDWLQJPRUHSUHFLVHO\
WKHHOHPHQWFRQWHQW,QWKLVVWXG\WKHVHWZRPHWKRGVDUHFRPSDUHG
%XLOGLQJRXUVWDWLVWLFDOEDVHGLQIRUPDWLRQV\VWHPKDVWRGHWHUPLQHWKHQXPEHURIQHDUHVWQHLJKERXULQJSRLQWVWREHFRQVLGHUHGLQ
WKHFDVHRIFHUWDLQHOHPHQWV
:HGLVFRYHUHGWKDWHOHPHQWVFDQEHUDQJHGRQO\LQWRWZRJURXSVGHSHQGLQJRQKRZPDQ\QHDUHVWQHLJKERXULQJGLDJQRVWLFSRLQWV
ZHUHFRQVLGHUHGWRNULJLQJ
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV.36U
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV$O%%D&D&R&U&X)H0J0Q1D1L3E67L9<=Q
8VLQJWKLVPHWKRGWKHVRLOSROOXWLRQORFDWLRQVDQGHOHPHQWVDQGLWVFRQFHQWUDWLRQFDQEHGHWHUPLQHG
7KHRWKHULPSRUWDQWTXHVWLRQLVWRLQYHVWLJDWHWKHVRFLRHFRQRPLFIDFWRUVRIWKHVHVRLOSROOXWLRQV7KHUHDUHDORWRIGDWDLQWKH
(XURVWDWGDWDEDVHZKLFKFDQVKRZWKHVRFLRHFRQRPLFHIIHFWRIWKHVHSROOXWLRQV
%DVHGRQWKHVHGDWDLVFRQFOXGHGWKDWXVDJHDPRXQWRIFKHPLFDOIHUWLOL]HUWRWDOSRSXODWLRQDQGWRWDOJUDLQ\LHOGDUHWKHWKUHHPRVW
LPSRUWDQW VRFLRHFRQRPLF IDFWRUV WKDW FRQWULEXWH WR VRLO KHDY\PHWDO SROOXWLRQ(QWHUSULVH DPRXQW WRWDO FXOWLYDWHG DUHD JURVV


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVYDUDOO\DLODV]OR#HFRQXQLGHEKX
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YDOXH RI IDUPLQJ IRUHVWU\ DQLPDO KXVEDQGU\ SURGXFW DV ZHOO DV WRWDO IUHLJKW DPRXQW KDYH OHVV LPSDFW RQ VRLO KHDY\ PHWDOV
SROOXWLRQ/DVWDQGOHDVWLPSDFWIDFWRUVDUH*'3DQGYDOXHRILQGXVWU\RXWSXWLQUXUDODUHD
7KLVDUWLFOHVKRZVRXUUHVHDUFKUHVXOWVRQWKHILHOGRIVRFLRHFRQRPLFIDFWRUVRIVRLOSROOXWLRQXVHGE\VWDWLVWLFDODQDO\VHVEDVHG
RQWKH(XURVWDWGDWDEDVHLQ+XQJDU\DQGDFURVV(XURSH
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RI>'HSDUWPHQWRI$FFRXQWDQF\DQG)LQDQFH(DVWHUQ0DFHGRQLDDQG7KUDFH,QVWLWXWHRI
7HFKQRORJ\@
.H\ZRUGV'LJLWDOGLYLGHHFRPSHWHQFHVHVNLOOVVNLOOVJDS,&7
6RLOSROOXWLRQ
7KH LQIRUPDWLFV  HVSHFLDOO\ DSSOLHG LQIRUPDWLFV  XQGHUJRQH D VLJQLILFDQW GHYHORSPHQW DW WKH HQG RI ;;WK
FHQWXU\7KLVLVDOORZHGDQDO\]LQJRIVRLOSROOXWLRQE\FRPSXWHUFRQWUROOHGV\VWHPV7KHLPSRUWDQFHRIWKLVH[SODLQV
WKHVRLOLVSROOXWHGHVSHFLDOO\E\SHVWLFLGHVZDVWHVQLWURJHQDQGSKRVSKRUXVIHUWLOL]HUZKLFKWKURXJKSODQWVJHWLQWR
RXU IRRGGLUHFWDQG LQGLUHFWZD\5RGULJXHV ,Q WKLVZD\SROOXWHG IRRGVFDQFDXVH LOORXUYLWDOO\ LPSRUWDQW
RUJDQV2QDFFRXQWRIRSHQLQJRIWKHPHQWLRQHGSROOXWLRQZHFDQSURFHVVWKHH[SHULPHQWDOGDWDIDVWDQGH[DFWO\VR
ZH FDQ JHW VXFK D ODUJH QXPEHU RI QHZ LQIRUPDWLRQ %HLQJ DZDUH RI WKLV YDOXDEOH LQIRUPDWLRQ ZH FDQ PDNH
LQGLVSHQVDEOHDUUDQJHPHQWVDQGZHFDQKLQGHUWKHLPSDLULQJPLFURHOHPHQWV±RWKHUHOHPHQWVDVZHOO±VHJUHJDWHLQ
IRRGFKDLQ5DJX]DHWDO
6RFLRHFRQRPLFIDFWRUVRIWKHVRLOSROOXWLRQ
:H VWXGLHG WKH HQYLURQPHQWDO SROOXWDQW DIIHFW RI WKH GLIIHUHQW HOHPHQWV ORDG H[SHULPHQW LQ 1DJ\K|UFV|N
([SHULPHQWDO 6WDWLRQ 1pPHWK	.iGiU :H DQDO\VHG WKH FRQWDFW EHWZHHQ WKH XSWDNH RI GLIIHUHQWPLFUR
HOHPHQWVDQG LWVHIIHFWRQSODQWRUJDQVORDIVHHGXVLQJE\GLIIHUHQWVWDWLVWLFPHWKRGV7KHVWXG\HPSKDVL]HV WKH
LPSRUWDQFHRIDSSOLHGLQIRUPDWLFVEHFDXVHZLWKRXWWKLVPHWKRGWKHUHVXOWVZRXOGQ¶WKDYHEHHQDEOHWRDQDO\]HH[DFW
DQGHIIHFWLYHZD\5iWKRQ\LHWDO
:KLOHGLIIXVHVRLOFRQWDPLQDWLRQLVGLIILFXOWWRORFDOLVHORFDOVRLOFRQWDPLQDWLRQRUSRLQWVRXUFHSUREOHPVRFFXULQ
VSHFLILF VLWHV&RQWDPLQDQWV UHODWHG WRERWKGLIIXVH DQG ORFDO VRLO FRQWDPLQDWLRQ FRPSULVH KHDY\PHWDOV RUJDQLF
FRPSRXQGVHWF3DWyFV
7KHFRQWDPLQDWLRQVLWHVFDQEHGLYLGHGLQWZRJURXSV
x 3RWHQWLDOO\FRQWDPLQDWHGVLWHZKHUHDQDFWLYLW\KDVEHHQRSHUDWHGWKDWPD\KDYHFDXVHGVRLOFRQWDPLQDWLRQ
x &RQWDPLQDWHGVLWHZKHUHVLWHZLWKFRQILUPHGSUHVHQFHRIGDQJHURXVVXEVWDQFHVFDXVHGE\PDQ
6RLOFRQWDPLQDWLRQLVRQHRIWKHPRVWZLGHVSUHDGW\SHVRIVRLOGHJUDGDWLRQLQ(XURSHPLOOLRQKDDUHDIIHFWHG
E\ SHVWLFLGHV PLOOLRQ KD E\ QLWUDWHV DQG SKRVSKDWHV DQG PLOOLRQ KD E\ DFLGLILFDWLRQ (($  7KHVH
VRXUFHVFRQFHQWUDWHPDLQO\RQ&HQWUDODQG(DVWHUQ(XURSHDQFRXQWULHV$FFRUGLQJWRWKHPDFLGLILFDWLRQLVWKHPRVW
ZLGHVSUHDG W\SH RI VRLO FRQWDPLQDWLRQ LQ 3RODQG  PLOOLRQ KD LQFOXGLQJ QDWXUDO DFLGLILFDWLRQ $ KLJK
FRQFHQWUDWLRQRIKHDY\PHWDOV LVHVWLPDWHG LQ/LWKXDQLDQHDUO\PLOOLRQKD&RQWDPLQDWLRQE\SHVWLFLGHV LVDOVR
FRPPRQ LQ 5RPDQLD PRUH WKDQ  PLOOLRQ KD7KH GDWD RQ ORFDO VRLO FRQWDPLQDWLRQ DUH LQFRPSOHWH GXH WR WKH
YDULRXVFODVVLILFDWLRQV\VWHPVXVHGLQGLIIHUHQWFRXQWULHV
7KHFDXVHVRIVRLOFRQWDPLQDWLRQDUHYDULHG+D]DUGRXVVXEVWDQFHVDUHHPLWWHGDWDOOVWDJHVRIWKHSURGXFWFKDLQ
IURPWKHUDZPDWHULDODQGWKHSURGXFWLRQSURFHVVHVIURPWKHXVHRISURGXFWVDQGIURPWKHKDQGOLQJRISURGXFWVDV
ZDVWH(PLVVLRQVFDQDULVHIURP
3RLQW VRXUFHV OLNH LQGXVWULDO LQVWDOODWLRQV LQGXVWULDO SODQWV ZKLFK DUH QR ORQJHU LQ RSHUDWLRQ VWRUDJH
LQVWDOODWLRQV LQGXVWULDO DFFLGHQWV LPSURSHU LQGXVWULDO DQGPXQLFLSDOZDVWH GLVSRVDO DQGPLQHV'XH WR WKH ODUJH
YDULHW\RILQIOXHQFLQJDFWLYLWLHVGLIIHUHQWSROOXWDQWVPLJKWFDXVHFRQWDPLQDWLRQLQGLIIHUHQWFRXQWULHVRUUHJLRQV
'LIIXVH VRXUFHV OLNH DJULFXOWXUH DWPRVSKHULF GHSRVLWLRQ DQG FRQVXPHU SURGXFWV7KH SROOXWDQWV FDQ UHDFK WKH
VRLOYLDGU\RUZHWGHSRVLWLRQVXFKDVDWPRVSKHULFGHSRVLWLRQRIDFLGLI\LQJDQGHXWURSK\LQJFRPSRXQGV'UDDLMHUV
HWDOSRWHQWLDOO\KDUPIXOFKHPLFDOVGHSRVLWLRQRIFRQWDPLQDQWVIURPIORZLQJZDWHURUHURGHGVRLOLWVHOIRU
YLD ZDVWH GLVSRVDO 7KH SROOXWDQWV FDQ UHDFK WKH VRLO DOVR YLD WKH GLUHFW DSSOLFDWLRQ RI VXEVWDQFHV VXFK DV SODQW
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SURWHFWLRQDJHQWVSHVWLFLGHVIHUWLOLVHUVIDUP\DUGPDQXUHPLQHUDOIHUWLOLVHUVWKHVSUHDGLQJRIVHZDJHVOXGJHDQG
FRPSRVW)HUWLOLVHUVDQGVHZDJHVOXGJHFDQDOVRFRQWDPLQDWHVRLOZLWKKHDY\PHWDOV
,PSDFWDQGLQGLFDWRUVRIVRLOSROOXWLRQ
'XH WR WKH ZLGH YDULHW\ RI VRLO SROOXWDQWV DQG FRQFHQWUDWLRQV DVZHOO DV QDWXUDO IDFWRUV VXFK DV VRLO W\SH DQG
FOLPDWHFRQGLWLRQVWKHLPSDFWVRIVRLOFRQWDPLQDWLRQPD\EHH[WUHPHO\YDULHG,QJHQHUDOVRLOFRQWDPLQDWLRQDIIHFWV
ERWKWKHVRLOLWVHOIDQGWKHRWKHUPHGLD%XUJHVHWDO7KHGLUHFWLPSDFWVLQFOXGH
x 6RLOFRQWDPLQDWLRQUHVWULFWVEXIIHULQJDQGVXEVWDQFHFRQYHUVLRQFDSDFLWLHVRIVRLO
x 7KHFRQWDPLQDWLRQRIVRLOFDXVHVWKHXSWDNHRIFRQWDPLQDQWVE\VRLOELRWD
x ,QWHUPVRIWKHHIIHFWVRQRWKHUPHGLDVRLOFRQWDPLQDWLRQSULPDULO\DIIHFWVJURXQGZDWHU
x +RZHYHUHFRV\VWHPVDQGKXPDQKHDOWKDUHDOVRVWURQJO\DIIHFWHGE\VRLOFRQWDPLQDWLRQ
x 7KHFRQWDPLQDWLRQRIVRLOOHDGVWRWKHOHDFKLQJRISROOXWDQWVHVSHFLDOO\QLWUDWHGXHWRLQWHQVLYHDSSOLFDWLRQRI
IHUWLOLVHUVLQWRWKHJURXQGDQGVXUIDFHZDWHU
x 7KHFRQWDPLQDWHGVRLOVUHPRYHJUHDWHUDPRXQWVRIQLWURJHQIURPWKHVRLOEDFNLQWRWKHDWPRVSKHUHDVQLWURXV
R[LGHWKURXJKWKHGHQLWULILFDWLRQSURFHVVWKDQZRXOGRFFXUQDWXUDOO\1LWURXVR[LGHDVRQHRIWKHJUHHQKRXVH
JDVHVFRQVHTXHQWO\LQIOXHQFHVWKHFOLPDWHFKDQJHSURFHVV
x 7KHFRQWDPLQDWLRQRIVRLODQGJURXQGZDWHUFDXVHVWKHXSWDNHRIFRQWDPLQDQWVE\SODQWV
x 7KHFRQWDPLQDWHGVRLOLWVHOIDVZHOOLWVHIIHFWVRQRWKHUPHGLDDIIHFWVSXEOLFKHDOWKLQJHVWLRQE\FKLOGUHQLQ
SOD\JURXQGVDQGWKHUHE\UHVWULFWVSRWHQWLDOXVHVRIWKHVRLO
7KHIROORZLQJFRXOGVHUYHDVPDLQLQGLFDWRUVWRTXDQWLI\VRLOFRQWDPLQDWLRQ
x $UHDDIIHFWHGE\FRQWDPLQDWLRQKD
x 1XPEHUDQGDYHUDJHVL]HKDRIVLWHVLQGLIIHUHQWLPSDFWFDWHJRULHV
x +HDY\PHWDOFRQWHQWRIVRLOPJNJGU\VRLOPDWHULDO
x 2UJDQLFSROOXWDQWFRQWHQWVRIVRLOVȝJRUPJNJGU\VRLOPDWHULDO
7KH6RLO,QIRUPDWLRQ0RQLWRULQJ6\VWHP
$ODUJHDPRXQWRIVRLO LQIRUPDWLRQDUHDYDLODEOH LQ+XQJDU\DVD UHVXOWRI ORQJWHUPREVHUYDWLRQVYDULRXVVRLO
VXUYH\DQDO\VHVDQGPDSSLQJDFWLYLWLHVRQQDWLRQDOUHJLRQDOIDUPDQG
ILHOGOHYHOGXULQJWKHODVWVL[W\\HDUV7KHPDWLFVRLOPDSVDUHDYDLODEOHIRUWKHZKROHFRXQWU\LQ
WKHVFDOHRIDQGIRURIWKHDJULFXOWXUDODUHDLQWKHVFDOHRI
7KHUHDUHDWOHDVWWKUHHUHDVRQVZK\WKLVULFKVRLOGDWDEDVHKDVEHHQGHYHORSHG9iUDOO\DL
x WKHVPDOOVL]HRIWKHFRXQWU\NPð
x WKHJUHDWLPSRUWDQFHRIDJULFXOWXUHDQGVRLOVLQWKHQDWLRQDOHFRQRP\
x WKHKLVWRULFDOO\VRLOORYLQJFKDUDFWHURIWKH+XQJDULDQSHRSOHDQGSDUWLFXODUO\WKH+XQJDULDQIDUPHUV
,Q WKH ODVW \HDUVDOO H[LVWLQJ VRLOGDWDZHUHRUJDQL]HG LQWR DFRPSXWHUL]HGJHRJUDSKLF VRLO LQIRUPDWLRQV\VWHP
ZKLFKFRQVLVWVRIWZRPDLQSDUWV
x 7KHVRLOGDWDEDQNLQFOXGLQJGLIIHUHQWW\SHVRILQIRUPDWLRQ
R EDVLFWRSRJUDSKLFLQIRUPDWLRQJHRGHWLFGDWDVWDQGDUGV
R SRLQW LQIRUPDWLRQ PHDVXUHG FDOFXODWHG HVWLPDWHG RU FRGHG GDWD RQ WKH YDULRXV FKDUDFWHULVWLFV RI VRLO
SURILOHV
R WHUULWRULDOLQIRUPDWLRQVFDOHWKHPDWLFPDSVDQGVRLOSURSHUWLHV
x 7KHLQIRUPDWLRQV\VWHPLQFOXGLQJPRGHOVRQPRLVWXUHDQGSODQWQXWULHQWUHJLPHVRIVRLOVVXVFHSWLELOLW\RIVRLOV
WRYDULRXVVRLOGHJUDGDWLRQSURFHVVHVHWF
,Q FRQVHTXHQFH RI WKH (8 DFFHVVLRQ WKH SDUWLFXODU DQG REMHFWLYH VXUYH\ RI FXUUHQW VRLO FRQGLWLRQ LV D YHU\
LPSRUWDQW TXHVWLRQ ZKLFK FDQ EH WKH EHJLQQLQJ RI WKH LPSOHPHQWDWLRQ RI WKH PRGHUQ DJURHQYLURQPHQWDO
PDQDJHPHQWSURJUDP7KLVVXUYH\LVQRWXVHDEOHLIWKHFKDQJHRIFRQGLWLRQFDQQRWEHLQYHVWLJDWHGFRQWLQXRXVO\LQ
V\VWHPDWLFLQWHUYDO
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7KH6RLO,QIRUPDWLRQDQG0RQLWRULQJ6\VWHP6,0±WKLVZDVWKHILUVWZRUNLQJVXEV\VWHPLVDQLQGHSHQGHQW
SDUW RI WKH LQWHJUDWHG (QYLURQPHQWDO ,QIRUPDWLRQ DQG0RQLWRULQJ 6\VWHP (,06 6RLO ,QIRUPDWLRQ0RQLWRULQJ
3URIHVVLRQDO&RPPLWWHH
7KH 6RLO ,QIRUPDWLRQ0RQLWRULQJ 6\VWHP 6,0 FRYHUV WKH ZKROH FRXQWU\ DQG SURYLGHV RSSRUWXQLW\ WR FUHDWH
VLPLODU LQIRUPDWLRQV\VWHPV IRU WKHQDWXUDO UHVRXUFHVDWPRVSKHUHVXSSO\RIZDWHU IORUDDQGELRORJLFDO UHVRXUFHV
HWF7KHDLPLVWRUHODWHWKHVHGDWDEDVHV
7KH6,0WHUULWRULDOPHDVXULQJJULGFRQVLVWVRIPHDVXULQJSRLQWVVHOHFWHGH[DFWO\GHILQHGE\JHRJUDSKLFDO
FRRUGLQDWHV XVLQJ*36 7KHVH SRLQWV DUH UHSUHVHQWDWLYHV 'LVWULEXWLRQ RI WKH SRLQWV E\ VRLO W\SHV UHSUHVHQWV WKH
YDULHW\RIVRLOW\SHVRIWKHFRXQWU\7KHUHZHUHSRLQWVRQDJULFXOWXUDOODQGSRLQWVLQIRUHVWVDQGSRLQWV
LQHQYLURQPHQWDOO\WKUHDWHQHGKRWVSRWUHJLRQV7KHODWWHUUHSUHVHQWHGGLIIHUHQWW\SHVRIHQYLURQPHQWDOKD]DUGV
RUSDUWLFXODUO\VHQVLWLYHDUHDVVXFKDVGHJUDGHGVRLOVDPHOLRUDWHGVRLOVGULQNLQJZDWHUVXSSO\DUHDVZDWHUVKHGVRI
LPSRUWDQW ODNHV DQG UHVHUYRLUV SURWHFWHG DUHDV ZLWK SDUWLFXODUO\ VHQVLWLYH HFRV\VWHPV KRW VSRWV RI LQGXVWULDO
DJULFXOWXUDOXUEDQDQGWUDQVSRUWSROOXWLRQPLOLWDU\ILHOGVDUHDVDIIHFWHGE\VXUIDFHPLQLQJZDVWHZDWHUGLVSRVDO
DIIHFWHGVSRWV
$SSOLHGPHWKRGV
&DOFXODWLQJPHWKRGRIGLVWDQFHHOHPHQWFRQWHQWUHODWLYHHUURUDQGFRQILGHQFHLQWHUYDO
$IWHUFRQYHUWLQJDQGURXQGLQJWKHPHDVXUHGGDWDRIWKHDYDLODEOH6,0VDPSOHVZHFDUULHGRXWIXUWKHUFDOFXODWLRQV
LQRUGHU WRGHWHUPLQH WKHGLVWDQFHEHWZHHQ WKHSRLQWV WKHLU HOHPHQWFRQWHQWV WKHLU UHODWLYHHUURUVDQGFRQILGHQFH
LQWHUYDOV)RUWKHFDOFXODWLRQVZHXVHGWKHIROORZLQJFRQQHFWLRQV
7KHSURJUDPFDOFXODWHVWKHGLVWDQFHVE\XVLQJWKH3\WKDJRUHDQ7KHRUHP

 \\[[=    
ZKHUH[\DUHWKHFRRUGLQDWHVRIWKHNQRZQSRLQW[\DUHWKHFRRUGLQDWHVRIWKHXQNQRZQSRLQW
7KH VRIWZDUHGHWHUPLQHV WKH FDOFXODWHG ILJXUHRI FKHPLFDO HOHPHQW FRQWHQW LQ FDVHRI QHDUHVW QHLJKERXULQJ
SRLQWVE\XVLQJWKHIROORZLQJFRQQHFWLRQ


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
ZKHUH==«=DUHWKHGLVWDQFHVRIWKHNQRZQSRLQWVFRUUHODWHGWRWKHEDVLVSURILOHQXPEHU
&&«&PHDVXUHGFKHPLFDOHOHPHQWFRQWHQWLQWKHNQRZQSRLQWV
7KHSURJUDPFDOFXODWHVWKHSHUFHQWDJHGHYLDWLRQ±UHODWLYHHUURU±RQWKHEDVLVRIWKHIROORZLQJIRUPXOD
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
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
ZKHUH$%6 LV WKH DEVROXWH YDOXH IXQFWLRQ Ä6]´PHDQV WKH HOHPHQW FRQWHQW FDOFXODWHG E\ XV Ä0´PHDQV WKH
PHDVXUHGHOHPHQWFRQWHQW
7KH SURJUDP LQYRNHV WZR ([FHO IXQFWLRQV WR FDOFXODWH WKH FRQILGHQFH LQWHUYDO RQH RI WKHP FDOFXODWHV WKH
VWDQGDUGGHYLDWLRQıDQGWKHRWKHURQHFDOFXODWHVWKHFRQILGHQFHLQWHUYDO
7RFDOFXODWHWKHFRQILGHQFHLQWHUYDOLWFDOFXODWHVWKHVWDQGDUGGHYLDWLRQILUVWı
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.ULJLQJPHWKRG
.ULJLQJ<DQJHWDOLVDQLQWHUSRODWLRQPHWKRGWKDWSUHGLFWVXQNQRZQYDOXHVRIDUDQGRPSURFHVV0RUH
SUHFLVHO\D.ULJLQJSUHGLFWLRQLVDZHLJKWHGOLQHDUFRPELQDWLRQRIDOORXWSXWYDOXHVDOUHDG\REVHUYHG7KHVHZHLJKWV
GHSHQGRQWKHGLVWDQFHVEHWZHHQWKHLQSXWIRUZKLFKWKHRXWSXWLVWREHSUHGLFWHGDQGWKHLQSXWVDOUHDG\VLPXODWHG
.ULJLQJ DVVXPHV WKDW WKH FORVHU WKH LQSXWV DUH WKHPRUHSRVLWLYHO\ FRUUHODWHG WKHRXWSXWV DUH7KLV DVVXPSWLRQ LV
PRGHOOHGWKURXJKWKHFRUUHORJUDPRUWKHUHODWHGYDULRJUDPGLVFXVVHGEHORZ$OVDPDPUDHWDO
,QGHWHUPLQLVWLFVLPXODWLRQ.ULJLQJ6KLKDVDQLPSRUWDQWDGYDQWDJHRYHUUHJUHVVLRQDQDO\VLV.ULJLQJLV
DQH[DFWLQWHUSRODWRUWKDWLVSUHGLFWHGYDOXHVDWREVHUYHGLQSXWYDOXHVDUHH[DFWO\HTXDOWRWKHREVHUYHGVLPXODWHG
RXWSXWYDOXHV,QUDQGRPVLPXODWLRQKRZHYHUWKHREVHUYHGRXWSXWYDOXHVDUHRQO\HVWLPDWHVRIWKHWUXHYDOXHVVR
H[DFWLQWHUSRODWLRQORVHVLWVLQWXLWLYHDSSHDO7KHUHIRUHUHJUHVVLRQXVHV2/6ZKLFKPLQLPL]HVWKHUHVLGXDOVVTXDUHG
DQGVXPPHGRYHUDOOREVHUYDWLRQV7XJUXO	3RODW
(IIHFWLYHO\ JHRVWDWLVWLFDO PRGHOV GLUHFWO\ HVWLPDWH WKH YDULDQFHFRYDULDQFH PDWUL[ *HRVWDWLVWLFDO WHFKQLTXHV
VXFKDV.ULJLQJUHO\XSRQDQHVWLPDWHGYDULDQFHFRYDULDQFHPDWUL[IROORZHGE\(*/6HVWLPDWHGJHQHUDOL]HGOHDVW
VTXDUHV %UXV	GH*UXLMWHU  DQG%/83 EHVW OLQHDU XQELDVHGSUHGLFWLRQ /LX HW DO7KH VLPSOHVW
FDVHDVVXPHVRQHFDQVSHFLI\FRUUHFWO\ WKHYDULDQFHFRYDULDQFHPDWUL[DVD IXQFWLRQRI GLVWDQFHRQO\ 6WHLQHWDO
 7KH PRVW W\SLFDO DSSOLFDWLRQ LQYROYHV WKH VPRRWK LQWHUSRODWLRQ RI D VXUIDFH DW SRLQWV RWKHU WKDQ WKRVH
PHDVXUHG8VXDOO\WKHPHWKRGDVVXPHVHUURUVDUHDWWKHPHDVXUHGSRLQWVEXWPRGLILFDWLRQVDOORZIRUPHDVXUHPHQW
HUURUVDWWKHPHDVXUHGSRLQWV*XQWDND	0\OHU
7KH ILUVW VWHS LQPRVW JHRVWDWLVWLFDOPRGHOV =KRQJ HW DO  LV WR HVWLPDWH WKH YDULDQFHFRYDULDQFHPDWUL[
8QJDUR HW DO :KLOH WHFKQLTXHV H[LVW WR SHUIRUP WKLV GLUHFWO\ WKHPRVW FRPPRQ WHFKQLTXH LQYROYHV WKH
LQWHUPHGLDWHVWDJHRIFRPSXWLQJWKHYDULRJUDP%DWHVHWDO
7KHHPSLULFDOYDULRJUDPEHJLQVZLWKWKHSDLUZLVHVTXDUHGGLIIHUHQFHVDPRQJDOOHUURUVRUVRPHWLPHVDVDPSOH
RIHUURUVIRUODUJHGDWDVHWVSORWWHGDJDLQVWWKHGLVWDQFHEHWZHHQWKHHOHPHQWVRIWKHSDLU3RVLWLYHO\FRUUHODWHGHUURUV
ZLOO VKRZ VPDOO SDLUZLVH VTXDUHG GLIIHUHQFHV ZKLOH DOPRVW LQGHSHQGHQW HUURUVZLOO VKRZ ODUJHU GLIIHUHQFHV )RU
SRVLWLYHO\ FRUUHODWHG UHVLGXDOV WKH HPSLULFDO YDULRJUDP WHQGV WR VWDUW RII ORZ DW VPDOO GLVWDQFHV DQG ULVH ZLWK
GLVWDQFH XS WR D SRLQW ZKHUH LW OHYHOV RII &DOGHU	 &UHVVLH  )URP WKH YDULRJUDP RQH FDQ HVWLPDWH WKH
SDUDPHWHUVRIILWWHGYDULRJUDPIXQFWLRQV,IWKHSURFHVVLVVWDWLRQDU\HTXLYDOHQFHH[LVWVEHWZHHQWKHILWWHGYDULRJUDP
IXQFWLRQV DQG ILWWHG FRYDULDQFH IXQFWLRQV /HJHQGUH	/HJHQGUH 2QO\ D UHODWLYHO\ VPDOO QXPEHU RI YDOLG
FRYDULDQFH IXQFWLRQV H[LVW ZKLFK \LHOG JXDUDQWHHG SRVLWLYH GHILQLWH HVWLPDWHG YDULDQFHFRYDULDQFHPDWUL[ %DLOH\
DQG*DWUHOO
&DOFXODWLRQWKHFRQFHQWUDWLRQRIWKHHOHPHQWVE\XVLQJ(TZHLJKWHGDYHUDJHPDWKHPDWLFDOPHWKRG.RUSiV
7KHVXPRIWKHZHLJKWLQJIDFWRUVPXVWEH
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ZKHUH=[WKHJLYHQFRQFHQWUDWLRQHVWLPDWHGYDOXHDLWKHZHLJKWHGIDFWRURIWKHREVHUYHGSRLQW
7KHZHLJKWLQJIDFWRUVDUHLQYHUVHUDWLRWRGLVWDQFHRIWKHHVWLPDWHGORFDWLRQV%RGURJ
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ZKHUHGLLVWKHGLVWDQFHRIWKHHVWLPDWHGORFDWLRQDQGWKHLSRLQWFLVFRQVWDQWDQGȦSRZHUXVXDOO\Ȧ
:HKDYHWRFDOFXODWHWKHDEVROXWHHUURUIURPWKHGLIIHUHQFHRIWKHPHDVXUHGDQGHVWLPDWHGFRQFHQWUDWLRQYDOXH
DQGWKHUHODWLYHHUURUZKLFKJLYHWKHUDWLRRIWKHPHDVXUHGDQGUHDOFRQFHQWUDWLRQYDOXH<RXQJ
5HVXOWV
%XLOGLQJRXUVWDWLVWLFDOEDVHGLQIRUPDWLRQV\VWHPKDVWRGHWHUPLQHWKHQXPEHURIQHDUHVWQHLJKERXULQJSRLQWVWR
EHFRQVLGHUHGLQWKHFDVHRIFHUWDLQHOHPHQWV:HKDYHWRGHWHUPLQHWKHPLQLPXPVRIWKHDYHUDJHYDOXHVRIUHODWLYH
HUURUIRUHOHPHQWV,QWKLVSRLQWZHKDYHJRWWKHYLHZLQJQHLJKERXULQJSRLQWQXPEHUIRUDOOPHDVXUHGHOHPHQWV
8VLQJVWDWLVWLFDOPHWKRG
7KHGLVWDQFHEHWZHHQWKHNQRZQSRLQWV.DQGWKHSRLQWFRQVLGHUHGDVXQNQRZQ8FDQEHFDOFXODWHGE\XVLQJWKH
3\WKDJRUHDQ7KHRUHP(T:KHQZHGHWHUPLQHGWKHGLVWDQFHEHWZHHQDOOWKHWHQNQRZQDQG³XQNQRZQ´SRLQWV
ZHKDGWHQGLVWDQFHGDWD]]]«]IURPZKLFKZLWKOLQHDUHVWLPDWLRQE\XVLQJ(TFRQFHQWUDWLRQF[RI
WKHFHUWDLQHOHPHQWFDQEHHVWLPDWHGHYHQLQWKRVHSODFHVZKHUHWKHUHLVQR6,0GLDJQRVWLFSRLQW,IZHFDOFXODWHWKH
FRQFHQWUDWLRQF[RIWKHFHUWDLQHOHPHQWIRUWKHXQNQRZQSRLQWZHFDQFRPSDUHLWZLWKWKHPHDVXUHGGDWDE\,&3
2(6VSHFWURPHWHUIRUWKHFHUWDLQHOHPHQWDQGZHFDQGHWHUPLQHWKHUHODWLYHVWDQGDUGGHYLDWLRQ(T
7KHVH VWHSV KDYH WR EH GRQH ILUVW IRU WKH VDPH SRLQW UHJDUGLQJ WKH RWKHU HOHPHQWV ZKLFK TXDQWLWLHV H[FHHG WKH
GHPRQVWUDWLRQ OLQH $IWHU WKDW WKHVH VWHSV KDYH WR EH GRQH DJDLQ IRU HDFK DYDLODEOH 6,0 GLDJQRVWLF SRLQW
FRQVLGHULQJWKDWWKH\DUHWKHXQNQRZQSRLQWVLQWKHH[SHULPHQW$IWHUWKLVZHZLOOKDYHWKHFRQFHQWUDWLRQYDOXHDQG
LWVUHODWLYHVWDQGDUGGHYLDWLRQIRUHDFKPHDVXUDEOHHOHPHQWDERYHWKHGHPRQVWUDWLRQOLQHIRUHDFKGLDJQRVWLFSRLQW
:HDSSOLHG WZR([FHO IXQFWLRQV WR FDOFXODWH WKH FRQILGHQFH LQWHUYDO RQHRI WKHP (T  FDOFXODWHV WKH VWDQGDUG
GHYLDWLRQıDQGWKHRWKHUFDOFXODWHVWKHFRQILGHQFHLQWHUYDO(T
:H GLVFRYHUHGZKHQ VWXG\LQJ GLIIHUHQW QXPEHUV            DQG  LQ RUGHU RI QHDUHVW
QHLJKERXULQJ GLDJQRVWLF SRLQWV ZLWKLQ WKH DJJUHJDWLRQ WKH PLQLPXPV RI WKH UHODWLYH HUURU YDOXHV DUH GLIIHUHQW
(OHPHQWV FDQ EH UDQJHG LQWR WKUHH JURXSV GHSHQGLQJ RQ KRZPDQ\ QHDUHVW QHLJKERXULQJ GLDJQRVWLF SRLQWV ZHUH
FRQVLGHUHGZKHQZHUHFHLYHGWKHPLQLPXPYDOXH
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV.36U1L&X%&R7L
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV$O)H&D0J0Q6%D&U93E<=Q
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV1D
,WPHDQVWKDW LQFDVHRIDVDPSOHRULJLQDWLQJIURPDJHQXLQHO\XQNQRZQGLDJQRVWLFSRLQWIRUHOHPHQWVLQWKHILUVW
FROXPQ  IRU HOHPHQWV LQ WKH VHFRQG FROXPQ  ZKLOH IRU 6RGLXP  QHDUHVW QHLJKERXULQJ SRLQWV KDYH WR EH
FRQVLGHUHGLQRUGHUWRHVWLPDWHWKHHOHPHQWFRQWHQWZLWKWKHVPDOOHVWHUURU
8VLQJE\.ULJLQJPHWKRG
%XLOGLQJRXUVWDWLVWLFDOEDVHGLQIRUPDWLRQV\VWHPKDVWRGHWHUPLQHWKHQXPEHURIQHDUHVWQHLJKERXULQJSRLQWVWR
EHFRQVLGHUHGLQWKHFDVHRIFHUWDLQHOHPHQWV
:HGLVFRYHUHGWKDWHOHPHQWVFDQEHUDQJHGRQO\LQWRWZRJURXSVGHSHQGLQJRQKRZPDQ\QHDUHVWQHLJKERXULQJ
GLDJQRVWLFSRLQWVZHUHFRQVLGHUHGWRNULJLQJ
x QHLJKERXULQJGLDJQRVWLFDOSRLQWV.36U
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x QHLJKERXULQJGLDJQRVWLFDOSRLQWV$O%
,WPHDQVWKDWXVLQJRINULJLQJPHWKRGLQF
WREHFRQVLGHUHGLQRUGHUWRHVWLPDWHWKHHOHP
6UWKHUHVXOWVZHUHWKHVDPHQHDUHVWQHLJK
7KH,QWHUQHWEDVHGSURJUDP
:HGHYHORSHGDQHZHU LQWHUQHWEDVHGSUR
WKHUHVXOWVRIDQDO\VHVLQWRDGDWDEDVHDQGGH
VRIWZDUHRXUREMHFWLYHZDVWRFUHDWHDG\QD
WKHFHUWDLQSRLQWFRXOGSURYLGHWKHHVWLPDWHG
ZKHUHQRVDPSOHVKDGEHHQWDNHQDQGWKXVP
LQWHUYDO PXVW EH SURYLGHG IRU HDFK HOHPHQ
TXDQWLW\RIWKHFHUWDLQFKHPLFDOHOHPHQWDWWK
:H SURYLGHG DFFHVV WR WKH GDWDEDVH WKU
VHUYHUVLGH VFULSW ODQJXDJH 3+3 $QGUHVV
ZKLFKWKHXVHUFDQFRPPXQLFDWHZLWKWKHSUR
&KRRVHHOHPHQWV
6WDWLVWLFDOPHWKRG
$O
%D&D&R&U&X)H0J0Q1D1L3E67L9
DVHRIWKHPRVWHOHPHQWVZHQHHGQHDUHVWQHLJKER
HQWFRQWHQWZLWKWKHVPDOOHVWHUURU,WLVLQWHUHVWLQJL
ERXULQJSRLQWVLQFDVHRIGHYHORSHGVWDWLVWLFDOPHWKR
JUDPWKDWPDNHV LWSRVVLEOH WR UHDFK WKHREMHFWLYHV
YHORSLQJDQDXWKRULVDWLRQV\VWHP)LJ:KHQGHY
PLFZHEVLWHIRUXVHUVZKLFKWRJHWKHUZLWKWKH*36F
HOHPHQWFRQWHQWIRUWKHPHDVXUHGFKHPLFDOHOHPHQWV
HDVXUHGGDWDZHUHQRWDYDLODEOH7KHUHODWLYHHUURUD
W FRQWHQW YDOXH VLQFH WKH\ RULHQWDWH WKH XVHUV LQWR
HJLYHQGLDJQRVWLFSRLQWFDQIDOO'XQODS
RXJK LQWHUQHWEDVHG WHFKQRORJ\ :LWK WKH KHOS RI WK
	/LQQ  ZH SODQQHG DQG GHYHORSHG WKH XVHU
JUDP+HOGHULFKHWDO
.ULJLQJ
6WDUWTXHU\
1RQHO
<=Q
XULQJSRLQWVKDYH
QFDVHRI.3DQG
G
WKURXJKDUUDQJLQJ
HORSLQJWKHQHZHU
RRUGLQDWHVRQO\RI
DOVRLQVXFKSRLQWV
QGWKHFRQILGHQFH
 ZKLFK UDQJH WKH
H GDWDEDVHEDVHG
LQWHUIDFH WKURXJK

PHWKRG
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)LJ3+3IRUPWRHYDOXDWHWKHFRQFHQWUDWLRQVDQGUHOLDELOLW\RIWKHFKRVHQHOHPHQWVEDVHGRQWKH*36FRRUGLQDWHV
(QYLURQPHQWDOSURWHFWLRQH[SHQGLWXUHLQ(XURSHDQG+XQJDU\
(QYLURQPHQWDOSURWHFWLRQLVGHILQHGDVDOODFWLYLWLHVGLUHFWO\DLPHGDWWKHSUHYHQWLRQUHGXFWLRQDQGHOLPLQDWLRQRI
SROOXWLRQ RU DQ\ RWKHU GHJUDGDWLRQ RI WKH HQYLURQPHQW 8QIRUWXQDWHO\ ZH FRXOG QRW ILQG GLUHFW GDWD DERXW VRLO
SURWHFWLRQ VR ZH FRXOG UHYLHZ WKH HQYLURQPHQWDO SURWHFWLRQ H[SHQGLWXUH 6WDWLVWLFV RQ HQYLURQPHQWDO SURWHFWLRQ
H[SHQGLWXUHSUHVHQWGDWDRQWKHHFRQRPLFUHVRXUFHVGHYRWHGE\UHVLGHQWXQLWVWRHQYLURQPHQWDOSURWHFWLRQ7KHGDWD
FRYHUSULYDWHDQGSXEOLFVSHFLDOLVHGSURGXFHUVRI(3VHUYLFHVWKHEXVLQHVVVHFWRUWKHJHQHUDOJRYHUQPHQWVHFWRUDQG
WKH KRXVHKROG VHFWRU 7KH EXVLQHVV VHFWRU LV IXUWKHU EURNHQ GRZQ E\ HFRQRPLF DFWLYLWLHV 7KH GDWD DUH FURVV
FODVVLILHG E\ (3 FODVVHV HJ IRU ZDVWHZDWHU PDQDJHPHQW ZDVWH PDQDJHPHQW SURWHFWLRQ RI ELRGLYHUVLW\ DQG
ODQGVFDSHVIROORZLQJWKH&ODVVLILFDWLRQRI(QYLURQPHQWDO3URWHFWLRQ$FWLYLWLHV,QWHUPVRIHFRQRPLFWUDQVDFWLRQV
WKHIROORZLQJYDULDEOHVDUHSUHVHQWHGWRWDOH[SHQGLWXUHWRWDOLQYHVWPHQWVSROOXWLRQWUHDWPHQWLQYHVWPHQWVSROOXWLRQ
SUHYHQWLRQLQYHVWPHQWVWRWDOFXUUHQWH[SHQGLWXUHLQWHUQDOFXUUHQWH[SHQGLWXUHIHHVDQGSXUFKDVHVUHFHLSWVIURPE\
SURGXFWVVXEVLGLHVWUDQVIHUVDQGUHYHQXHV
2QWKH)LJFDQEHVHHQWKDW+XQJDU\EODFNEDULVWKLQWKHUDQNIURPEHKLQGWKHHQYLURQPHQWDOSURWHFWLRQ
H[SHQGLWXUH (85KDELWDQW DW WKH \HDU :H FDQQRW EH SURXG RI WKLV UHVXOW 7KH WKUHH EHVW FRXQWULHV DUH WKH
IROORZLQJ LQ WKLVRUGHU1RUZD\1HWKHUODQGVDQG/X[HPERXUJ:HFDQKLJKOLJKW)UDQFHDQG*HUPDQ\ZKDWDUH
WKDQGWKLQWKHUDQNZLWKQRWWRRPDQ\HQYLURQPHQWDOSURWHFWLRQH[SHQGLWXUH

)LJ(QYLURQPHQWDOSURWHFWLRQH[SHQGLWXUHLQ(XURSH(85KDELWDQW
2Q WKH )LJ  ZH ZRXOG OLNH WR VKRZ KRZ KDV FKDQJHG WKH SHUFHQWDJH RI *'3 IRU HQYLURQPHQWDO SURWHFWLRQ
H[SHQGLWXUHLQ+XQJDU\EHWZHHQDQG
'XULQJ WKH HFRQRPLF FULVLV WKHSHUFHQWDJHRI*'3 IRU HQYLURQPHQWDO SURWHFWLRQ H[SHQGLWXUHGHFUHDVHG DERXW E\
KDOI,QVWDUWHGWRLQFUHDVHWREXWWLOOKDYHQRWUHDFKHGWKHOHYHORISUHFULVLVHFRQRPLFOHYHO,W
VHHPVIURPWKHGDWDWKH+XQJDULDQJRYHUQPHQWKDVQRWVWUDWHJLFTXHVWLRQWKHHQYLURQPHQWDOSURWHFWLRQ
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
)LJ3HUFHQWDJHRI*'3IRUHQYLURQPHQWDOSURWHFWLRQH[SHQGLWXUHLQ+XQJDU\
&RQFOXVLRQ
6RLOFRQWDPLQDWLRQLVRQHRIWKHPRVWZLGHVSUHDGW\SHVRIVRLOGHJUDGDWLRQLQ(XURSHPLOOLRQKDDUHDIIHFWHG
E\ SHVWLFLGHV  PLOOLRQ KD E\ QLWUDWHV DQG SKRVSKDWHV DQG PLOOLRQ KD E\ DFLGLILFDWLRQ 7KHVH VRXUFHV
FRQFHQWUDWH PDLQO\ RQ &HQWUDO DQG (DVWHUQ (XURSHDQ FRXQWULHV7KH FDXVHV RI VRLO FRQWDPLQDWLRQ DUH YDULHG
+D]DUGRXV VXEVWDQFHV DUH HPLWWHG DW DOO VWDJHV RI WKH SURGXFW FKDLQ IURP WKH UDZ PDWHULDO DQG WKH SURGXFWLRQ
SURFHVVHV IURP WKH XVH RI SURGXFWV DQG IURP WKH KDQGOLQJ RI SURGXFWV DVZDVWH (PLVVLRQV FDQ DULVH IURPSRLQW
LQGXVWULDODQGGLIIXVHDJULFXOWXUDOVRXUFHV7KHSROOXWDQWVFDQUHDFKWKHVRLOYLDGU\RUZHWGHSRVLWLRQDQGGLUHFW
DSSOLFDWLRQ RI VXEVWDQFHV VXFK DV SODQW SURWHFWLRQ DJHQWV SHVWLFLGHV IHUWLOLVHUV IDUP\DUG PDQXUH PLQHUDO
IHUWLOLVHUV WKH VSUHDGLQJRI VHZDJH VOXGJH DQG FRPSRVW)HUWLOLVHUV DQG VHZDJH VOXGJH FDQ DOVR FRQWDPLQDWH VRLO
ZLWKKHDY\PHWDOV
7KH6RLO ,QIRUPDWLRQ0RQLWRULQJ WHUULWRULDOPHDVXULQJJULGFRQVLVWVRIPHDVXULQJSRLQWV VHOHFWHGH[DFWO\
GHILQHGE\JHRJUDSKLFDOFRRUGLQDWHVXVLQJ*367KHVHSRLQWVDUHUHSUHVHQWDWLYHV'LVWULEXWLRQRIWKHSRLQWVE\VRLO
W\SHV UHSUHVHQWV WKHYDULHW\RI VRLO W\SHVRI WKHFRXQWU\7KHUHZHUHSRLQWVRQDJULFXOWXUDO ODQGSRLQWV LQ
IRUHVWVDQGSRLQWVLQHQYLURQPHQWDOO\WKUHDWHQHGKRWVSRWUHJLRQV:HJHWLQIRUPDWLRQRQO\IURPSRLQWV
LQ+XQJDU\ WKDW LVZK\ LPSRUWDQW WRGHYHORSDVWDWLVWLFDOEDVHGVRLO LQIRUPDWLRQPRQLWRULQJV\VWHPZKHUHFDQEH
HVWLPDWHGWKHFRQFHQWUDWLRQRIVSHFLILFHOHPHQWVLQWKHVRLOSURILOHEDVHGRQWKHJLYHQQXPEHURIQHLJKERXULQJSRLQWV
DQGFRQILGHQFH
7KHV\VWHPGHYHORSHGRQVWDWLVWLFDOGDWDFRXOGEHVXLWDEOHLQIRUPDWLRQV\VWHPIRUWKHPDQDJHPHQWIRUGHWHUPLQH
WKH HOHPHQW FRQFHQWUDWLRQV LQ DZHOOGHILQHG SUHFLVLRQ7R GHWHUPLQH WKH FRQFHQWUDWLRQ RI WKH HOHPHQWV RQO\ WKH
*36FRRUGLQDWHVRIWKHSODFHDUHQHHGHG
%DVHGRQ WKHDYDLODEOHGDWD WKHGHYHORSHGSURJUDPPDNHV LWSRVVLEOH WRHVWLPDWHHOHPHQWFRQWHQWDW DFHUWDLQ
GLDJQRVWLFSRLQWZLWKVRPHVWDWLVWLFDOHUURUVLWFDQDOVREHDSSOLHGLQDQDO\]LQJHIIHFWVRIHQYLURQPHQWDOSROOXWLRQ
8VLQJ E\ NULJLQJ PHWKRG LQ WKH FDVH RI WKH PRVW HOHPHQWV ZH QHHG  QHDUHVW QHLJKERXULQJ SRLQWV KDYH WR EH
FRQVLGHUHGLQRUGHUWRHVWLPDWHWKHHOHPHQWFRQWHQWZLWKWKHVPDOOHVWHUURU,WLVLQWHUHVWLQJLQWKHFDVHRI.3DQG
6UWKHUHVXOWVZHUHWKHVDPHQHDUHVWQHLJKERXULQJSRLQWVLQWKHFDVHRIWKHGHYHORSHGVWDWLVWLFDOPHWKRG
ϳϬй
ϳϴй
ϲϵй
ϯϮй
Ϯϲй
ϯϭй
ϰϲй
ϯϵй ϰϮй ϰϮй
Ϭй
ϭϬй
ϮϬй
ϯϬй
ϰϬй
ϱϬй
ϲϬй
ϳϬй
ϴϬй
ϵϬй
ϮϬϬϰ ϮϬϬϱ ϮϬϬϲ ϮϬϬϳ ϮϬϬϴ ϮϬϬϵ ϮϬϭϬ ϮϬϭϭ ϮϬϭϮ ϮϬϭϯ
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$IWHUWKHGHYHORSPHQWRIWKHLQIRUPDWLRQV\VWHPZDVUHYLHZHGKRZPXFKLVVSHQWRQHQYLURQPHQWDOSURWHFWLRQ
VRPH(XURSHDQ FRXQWULHV:H FRXOG QRW ILQG GDWD DERXW GLUHFWO\ VRLO SURWHFWLRQ LQ WKH (XURVWDW GDWDEDVH EXWZH
WKRXJKWLWLVSRVVLEOHGHGXFHIRUWKLVEDVHGRQWKHHQYLURQPHQWDOSURWHFWLRQVSHQW
%DVHG RQ WKH (XURVWDW GDWD+XQJDU\ LV WK LQ WKH UDQN IURP EHKLQG WKH HQYLURQPHQWDO SURWHFWLRQ H[SHQGLWXUH
(85KDELWDQWDWWKH\HDU:HFDQQRWEHSURXGRIWKLVUHVXOW7KHWKUHHEHVWFRXQWULHVDUHWKHIROORZLQJLQWKLV
RUGHU1RUZD\1HWKHUODQGVDQG/X[HPERXUJ:HFDQKLJKOLJKW)UDQFHDQG*HUPDQ\ZKDWDUHWKDQGWKLQWKH
UDQNZLWKQRWWRRPXFKHQYLURQPHQWDOSURWHFWLRQH[SHQGLWXUH
'XULQJWKHHFRQRPLFFULVLVWKHSHUFHQWDJHRI*'3IRUHQYLURQPHQWDOSURWHFWLRQH[SHQGLWXUHGHFUHDVHGDERXWE\
KDOI,QVWDUWHGWRLQFUHDVHWREXWWLOOKDYHQRWUHDFKHGWKHOHYHORISUHFULVLVHFRQRPLFOHYHO
5()(5(1&(6
$OVDPDPUD+5XL]$ULDV-$3R]R9i]TXH]'7RYDU3HVFDGRU-&RPSDUDWLYHVWXG\RIRUGLQDU\DQGUHVLGXDONULJLQJWHFKQLTXHVIRU
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
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WUDFH HOHPHQWV DQG WKHLU LPSRUWDQFH LQ WKH LQWHUQDWLRQDO JHRVSKHUHELRVSKHUH SURJUDPPH 3URFHHGLQJV RI WKH  LQWHUQDWLRQDO V\PSRVLXP
8QLYHUVLW\RI+RUWLFXOWXUHDQGIRRGLQGXVWU\%XGDSHVW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
DFDVHVWXG\IURP3RUWXJDO(QYLURQPHQW,QWHUQDWLRQDO±,661
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